Abstract: Ring-closing metathesis has been found to be a highly effective reaction for the synthesis of functionalized, bridged nitrogen heterocycles. The utility of the process has been established in several case studies, including a facile synthesis of the tropane ring system and efficient, enantioselective syntheses of the natural products (-)-peduncularine and (+)-anatoxin-a.
INTRODUCTION
Ring-closing metathesis (RCM) has emerged as a powerful tool for the construction of carbocyclic and heterocyclic ring systems [1] . In 1992, Grubbs and Fu first revealed that RCM could be exploited to form five-, six-, and seven-membered oxygen and nitrogen heterocycles using a catalyst developed by Schrock [2] . We immediately recognized the potential of this reaction for the synthesis of natural products, and first reported the application of an RCM to forming the tetracyclic core of manzamine A (1) [3] . We later employed RCM reactions to elaborating both the fused 8-membered and bridged 13-membered rings in our total synthesis of this complex alkaloid [4] . We have subsequently explored the scope of RCM as a construct for alkaloid synthesis and now detail some of our findings in using this powerful reaction to prepare several alkaloids containing bridged bicyclic nitrogen heterocycles [5] .
RESULTS AND DISCUSSION
RCM has been widely used to prepare carbocyclic and heterocyclic ring systems, but applications to forming bridged bicyclic ring systems have been more restricted. In particular, there are relatively few applications of RCM to prepare azabicycloalkanes [6] . Therefore, it occurred to us that cis-2,6-disubstituted piperidines in which the nitrogen atom was protected with a N-carbobenzyloxy group might undergo facile RCM. Our thinking was guided by the well-founded premise that such piperidines would preferentially adopt a conformation in which the substituents at the 2-and 6-positions would be axial as in 3 in order to avoid A 1,3 -interactions with the N-acyl group that would be present in 2. The two alkenyl groups in 3 would thus be inherently disposed to undergo RCM to deliver bridged azabicyclic compounds 4 rather than suffer deleterious cross-metathesis to form dimeric or oligomeric products (Scheme 1).
Facile route to the tropane ring system
In a series of model studies, we established that a variety of bridged bicyclic nitrogen heterocycles could be readily prepared according to the plan summarized in Scheme 1. Although a number of different ring systems having the general form 4 are found in natural products and biologically active substances, the tropane ring system is arguably one of the most important. It is thus noteworthy that the sequence summarized in Scheme 2 for preparing 8, a potential precursor of cocaine (9) , represents one of the more effective entries to this ring system. During the course of these studies we made the interesting observation that derivatives of the tropane 8 were remarkably stable to the conditions of RCM, showing little tendency to undergo RCM and cross-metathesis. For example, heating 10 in the presence of excess styrene and the second-generation Grubbs catalyst 13 gave only about 5 % of the ring-opened product 11 together with >90 % of recovered 10.
